Recent Heat Transfer Improvements to the RELAP5-3D Code by Riemke, Richard A et al.
This is a preprint of a paper intended for publication in a journal or 
proceedings. Since changes may be made before publication, this 
preprint should not be cited or reproduced without permission of the 
author. This document was prepared as an account of work 
sponsored by an agency of the United States Government. Neither 
the United States Government nor any agency thereof, or any of 
their employees, makes any warranty, expressed or implied, or 
assumes any legal liability or responsibility for any third party’s use, 
or the results of such use, of any information, apparatus, product or 
process disclosed in this report, or represents that its use by such 
third party would not infringe privately owned rights. The views 
expressed in this paper are not necessarily those of the United 
States Government or the sponsoring agency. 
INL/CON-07-12083
PREPRINT
Recent Heat Transfer 
Improvements to the 
RELAP5-3D Code 
ICAPP 07 
Richard A. Riemke 
Cliff B. Davis 
Chang H. Oh 
May 2007 
1
Proceedings of ICAPP ’07 
Nice, France, May 13-18, 2007 
Paper 7314
Recent Heat Transfer Improvements to the RELAP5-3D Code 
Richard A. Riemke, Cliff B. Davis, and Chang H. Oh 
Idaho National Laboratory 
Idaho Falls, Idaho, 83415-3890, USA 
Tel: 208-526-0697, Fax: 208-526-0528, Email: Richard.Riemke@inl.gov
                                         Tel: 208-526-9470, Fax: 208-526-0528, Email: Cliff.Davis@inl.gov
                                         Tel: 208-526-7716, Fax: 208-526-0528, Email: Chang.Oh@inl.gov
Abstract – The heat transfer section of the RELAP5-3D computer program has been recently 
improved.  The improvements are as follows:  (1) the general cladding rupture model was 
modified (more than one heat structure segment connected to the hydrodynamic volume and heat 
structure geometry’s internal gap pressure), (2) the cladding rupture model was modified for 
reflood, and (3) the heat transfer minor edits/plots were extended to include radiation/enclosure 
heat flux and generation (internal heat source).
I. INTRODUCTION 
 The RELAP5 series of codes has been developed at 
the Idaho National Laboratory for over 25 years under 
sponsorship of the U. S. Department of Energy, the U. S. 
Nuclear Regulatory Commission, members of the 
International Code Assessment and Applications Program, 
members of the Code Applications and Maintenance 
Program, and members of the International RELAP5 Users 
Group.  Specific world-wide applications of the code have 
included simulations of transients of light water reactor 
systems such as loss of coolant, anticipated transients 
without scram, and operational transients such as loss of 
feedwater, loss of offsite power, station blackout, and 
turbine trip.  RELAP5-3D1, the latest in the series of 
RELAP5 codes, extends the applicability of earlier 
versions to include an integrated multidimensional thermal-
hydraulic/neutronic capability. In addition to calculating the 
behavior of a reactor coolant system during a transient, it 
can be used for simulation of a wide variety of hydraulic 
and thermal transients in both nuclear and nonnuclear 
systems involving mixtures of vapor, liquid, 
noncondensable gases, and nonvolatile solute.  The 3D 
capability in RELAP5-3D includes 3D hydrodynamics and 
3D neutron kinetics (the 3D neutronics is based on the 
NESTLE2 code).  RELAP5-3D has recently been modified 
to include all the ATHENA3 features and models that were 
previously only available in the ATHENA configuration.   
The ATHENA features and models are currently used 
primarily in Generation IV reactor applications, GNEP 
reactor applications, space reactor applications, and nuclear 
fusion applications. 
RELAP5-3D is also used in a SCDAP/RELAP5-3D4
configuration that is designed to calculate for severe 
accident situations the overall reactor coolant system 
thermal-hydraulic response, core damage progression, and 
reactor vessel heatup and damage.  RELAP5-3D (also true 
of SCDAP/RELAP5-3D) is also used in an integrated code 
system configuration consisting of RELAP5-3D and other 
codes such as FLUENT, CFX, and CONTAIN.  The 
coupling of the codes in this configuration is coordinated 
using an executive program5 in concert with the Parallel 
Virtual Machine (PVM) message passing software.  The 
coupling can be done explicitly or semi-implicitly.  For 
example, the FLUENT/RELAP5-3D6 coupling 
configuration is designed to perform detailed 3D analyses 
using FLUENT’s capability while the boundary conditions 
required by the FLUENT calculation are provided by the 
balance-of-system model created using RELAP5-3D.  The 
FLUENT/RELAP5-3D coupling configuration is currently 
used primarily in Generation IV reactor applications.  
RELAP5-3D is also used for the thermal-hydraulic module 
in the real-time nuclear plant simulation code RELAP5-
R/T7,8,9, which is used in training simulators at nuclear 
power plants around the world.  There is also a 
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visualization system for the various RELAP5-3D 
configurations, which is called the RELAP5-3D Graphical 
User Interface (RGUI)10.
This paper discusses Version 2.4 of the RELAP5-3D 
computer program.  The version includes modifications to 
the general cladding rupture model (more than one heat 
structure segment connected to the hydrodynamic volume 
and heat structure geometry’s internal gap pressure), 
modifications to the cladding rupture model for reflood, 
and additional heat transfer minor edits/plots for 
radiation/enclosure heat flux and heat generation (internal 
heat source). 
II. HEAT TRANSFER MODELS 
Heat structures provided in RELAP5-3D permit 
calculation of the heat transferred across solid boundaries 
of hydrodynamic volumes. Modeling capabilities of heat 
structures are general and include fuel pins or plates with 
nuclear or electrical heating, heat transfer across steam 
generator tubes, and heat transfer from pipe and vessel 
walls.  Temperatures and heat transfer rates are computed 
from the one-dimensional form of the transient heat 
conduction equation for non-reflood and from the two-
dimensional form of the transient heat conduction equation 
for reflood. 
For one-dimensional heat conduction, heat structures 
are represented using rectangular, cylindrical, and spherical 
geometry.  For two-dimensional heat conduction, heat 
structures are represented using only rectangular and 
cylindrical geometry.  Temperature-dependent and space-
dependent thermal conductivities and volumetric heat 
capacities are provided in tabular or functional form either 
from built-in or user-supplied data.  This is discussed 
further in the RELAP5-3D manual1 and in a recent ICAPP 
’06 paper11.
Finite differences are used to advance the heat 
conduction solutions.  Each mesh interval may contain a 
different mesh spacing, a different material, or both.  The 
spatial dependence of the internal heat source may vary 
over each mesh interval.  The time-dependence of the heat 
source can by obtained from reactor kinetics, one of several 
tables of power versus time, or a control system variable.  
Boundary conditions include symmetry or insulated 
conditions, a heat transfer correlation package, and other 
boundary condition options. 
The heat transfer correlation package can be used for 
heat structure surfaces connected to hydrodynamic 
volumes. The heat transfer correlation package contains 
correlations for convective, nucleate boiling, transition 
boiling, and film boiling heat transfer from the wall to the 
fluid, and it contains reverse heat transfer from the fluid to 
the wall including correlations for condensation.   
The other boundary condition options that can be 
selected are as follows:  setting the surface temperature to a 
volume fraction averaged fluid temperature of the boundary 
volume, obtaining the surface temperature from a control 
variable, obtaining the surface temperature from a time-
dependent general table, obtaining the heat flux from a 
time-dependent general table, or obtaining heat transfer 
coefficients from either a time- or temperature-dependent 
general table.  For the last option, the associated sink 
temperature can be a volume fraction averaged fluid 
temperature of a boundary volume, or it can be obtained 
from a time-dependent general table, or it can be obtained 
from a control variable, or it can be set to zero.  These 
options are generally used to support various efforts to 
analyze experimental data and do not contain all the 
physics present in the boundary condition options that use 
the heat transfer correlations. 
The heat structure models also include a gap 
conduction model, a radiation enclosure model, a 
conduction enclosure model, a metal-water reaction model, 
and a cladding deformation model. 
III. GENERAL CLADDING RUPTURE MODEL 
Two modifications were made to the general cladding 
rupture model.  The first modification was to correctly 
handle the case when more than one heat structure segment 
is connected to the hydrodynamic volume.  The second 
modification was to correctly calculate the heat structure 
geometry’s internal gap pressure. 
For the first modification, the change in the 
hydrodynamic volume’s flow area formula is now modified 
by a factor.  The factor is the length of the ruptured heat 
structure segment divided by the sum of all the heat 
structure segments attached to the hydrodynamic volume 
(either stacked on one another in the same heat structure 
geometry or in separate heat structure geometries). 
For the second modification, the ruptured fuel rod’s 
(i.e., the heat structure geometry’s) internal gap pressure is 
now set equal to the external fluid volume’s pressure. 
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IV. CLADDING RUPTURE MODEL FOR 
REFLOOD 
A modification was made to the cladding rupture 
model when the reflood option is selected.  In earlier code 
versions with the cladding rupture model when the reflood 
option is selected, the wall temperature increased, the fuel 
internal pressure was not reset after fuel rupture, and the 
internal metal-water reaction did not come on; this is 
incorrect. With the reflood option not selected, the opposite 
occurred; this is correct.  Recently, it was found that the 
rupture flag was not used in the reflood subroutine 
MDATA2.  When subroutine MDATA2 was changed to test 
on the rupture flag, the cladding rupture model for reflood 
now works correctly.   Now for both the reflood and non-
reflood options, the wall temperature correctly does not 
increase, the fuel internal pressure correctly is reset after 
fuel rupture, and the internal metal-water reaction correctly 
comes on. 
V. HEAT TRANSFER MINOR EDITS/PLOTS 
Previously, all the terms that make up the new heat 
transfer rate out of a heat structure (convection, 
radiation/conduction heat flux, and generation) were only 
available from major edits.  The minor edits/plots only 
showed the convection term. 
Modifications were made to the code so that the 
radiation/conduction enclosure heat flux and generation 
(internal heat source) terms are now both available in the 
minor edits/plots.  The radiation/conduction enclosure heat 
flux minor edit/plot variable is QRAD.  The generation 
(internal heat source) minor edit/plot variable is HTPOWG. 
VI. CONCLUSIONS 
This paper has discussed recent improvements to the 
RELAP5-3D code.  The improvements are in Version 2.4.  
The improvements are modifications to the general 
cladding rupture model (more than one heat structure 
segment connected to the hydrodynamic volume and heat 
structure geometry’s internal gap pressure), modifications 
to the cladding rupture model for reflood, and additional 
heat transfer minor edits/plots for radiation/enclosure heat 
flux and heat generation (internal heat source). 
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